Cold stress is a worldwide abiotic stress in temperate regions that affects plant development and yield of winter wheat (Triticum aestivum L.) cultivars and other winter crops. This study was conducted to evaluate the effect of freezing stress at the early growing season on survival and also the relationship between resistances to freezing stress at this stage with drought resistance after postanthesis in eight Iranian bread wheat cultivars. An experiment was laid out in a split-plot arranged in a randomized complete blocks design with three replications. Under control treatment among all cultivars, Marvdasht and Chamran cultivars had the lowest grain yield and biomass; except these two cultivars there were no significant differences between others. Postanthesis water stress caused more reduction in grain yield of Zarin, Phishgam and Marvdasht and biomass of Phishgam and Parsi cultivars, respectively. The lowest and highest LT50 temperatures of crowns at the early growing season were seen in Marvdasht (-4°C) and Pishtaz (-1.13°C) cultivars, respectively. Correlation coefficients of soluble and insoluble sugars concentration between crown survivals under freezing stress were, respectively positive and negative. Grain yield under postanthesis water stress had the highest correlation coefficient (R=-86.2%) with crown survival under freezing stress at the early growing season. Therefore, postanthesis water stress-sensitive cultivars were more resistant to freezing stress at the beginning of growing season after the cold of winter.
INTRODUCTION
Cold stress is a worldwide abiotic stress that affects plant development and yield production of winter wheat cultivars (Chu et al., 2010) and other winter crops (Lang et al., 2005) in temperate regions. The yield loss due to occurrence of these stresses is very high in some years. Chilling injury (less than 20°C) and freezing injury (less than 0°C) are two kinds of cold stress. Currently, about 15% of yield loss in cereals crops is due to cold stress (Aniol, 2002) . In temperate regions of the world such as Iran, cool season crops (for example, winter wheat) plants are often planted in the fall. These plants usually spent part of their growth period before winter (approximately 4 to 6 leaf stage in wheat). These plants *Corresponding author. E-mail: saeidi_mohsen@yahoo.com. acclimatize during autumn, during which their metabolism is redirected towards synthesis of protectant molecules such as soluble sugars (glucose, fructose, sucrose, starch and fructan), sugar alcohols (sorbitol, ribitol, inositol and manitol) and low-molecular weight nitrogenous compounds (proline and glycine betaine) (Vitamvas et al., 2007; Murata, 2002, 2008; Yuanyuan et al., 2010) . Temperature increases in late February and in early March (early spring) led to fast loss of cold acclimation and increase in cold sensitivity and then sudden falling of temperature at this time brings serious effects on survival and yield production (Roustaei, 2008) . Global warming also causes warmer winter and faster growth in winter in temperate plant such as winter wheat which makes plants more susceptible to cold stress (Chu et al., 2010) .
Introduction of resistant wheat cultivars are highly effective in reducing damage caused by cold stress. Because of difficulties in selecting cold resistance in field, laboratory methods are used for this purpose (Levit, 1956; Harvey, 1998) . Results of field and laboratory methods have been highly correlated (r=0.86) (Levit, 1956) . In exposure with cold stress, the most critical part of cereals in the early stages of growth is crown. Regrowth of crown after application of cold stress has a vital role in cereals cold resistance (Ashraf and Taylor, 1974) . In this relation, crown freezing is one of the most important laboratory methods, because resistance of crown against cold stress is a necessary prerequisite for cold resistance (Brule-Bable and Fowler, 1989) . A sudden drop in air temperature at the early growing season (after severe cold in winter) is the most winter wheat growing areas and occurrence of drought stress at the final growth stage of wheat (post anthesis) is the two main abiotic stresses that almost caused significant reduction in grain yield production in winter wheat cultivars in temperate regions (Roustaei, 2008) . Growth starting in late winter or early spring in winter wheat is associated with reduction in resistance to freezing and cold stress. Occurrence of chilling and freezing stresses in this condition ultimately lead to a significant reduction of live plants and hence significant reduction in grain yield production. So, the objectives of this study were to determine the resistance to the freezing stress in different wheat cultivars at the beginning of growing season and the relationship between freezing stress resistance characteristic with resistance to post anthesis water stress.
MATERIALS AND METHODS

Plant materials
Eight bread wheat cultivars (Bahar, Parsi, Pishtaze, Phishgam, Chamran, Zarine, Sivand and Marvdasht), were obtained from Agricultural Research Institute of Kermanshah in Iran.
First experiment
The research was carried out in the wheat growth season of 2010 to 2011 at Agricultural Research Farm of Razi University, Kermanshah, Iran. These cultivars were chosen because they have the highest area under cultivation in the Kermanshah province and they are new modern cultivars with unknown physiological characteristics. The research was in a field where the previous crop was a corn. The soil was a clay loam (36.1% clay and 30.7% silt) and the experiment was laid out in a split-plot arranged in a randomized complete blocks design with three replications. Irrigation regimes, normal and stress (stress treatment was applied from anthesis by stopping of irrigation until maturity whereas in control treatment soil moisture with regular irrigation was maintained approximately at field capacity) occupied the main plots, while cultivars were assigned to the sub-plots. Each plot included 40 rows 20 cm apart, 4 m long, 4 and 3 m distances were taken between test plots and replicates, respectively. Seeds were sown at a density of 400 seeds per square meter on 12 October. Based on soil analysis, nitrogenous fertilizer as urea (CO(NH2)2) was applied prior to planting, as topdressing at tillering stage and at flowering stage, 50 kg N/ ha -1 in each stage. Biomass and grain yield for each cultivar were measured by harvesting 2 m 2 of the central part of each plot at crop maturity. Harvest index was measured by dividing grain yield to biomass production.
Second experiment
In this experiment resistance to cold stress (chilling and freezing of wheat cultivars (Bahar, Parsi, Pishtaze, Pishgam, Chamran, Zarine, Sivand and Marvdasht) were studied at five temperatures that is, 3, -3, -5, -7 and -9°C with a thermogradient device. On 27 th February 2011, at the beginning of growing season, 20 plants of each cultivar were harvested at 4 to 7 leaf stage seedlings and carefully cleaned the roots from the soil. Then, the plants were placed in moist papers and were transferred immediately to the laboratory. For preparation of samples, as much as two centimeters up and a centimeter down to the crowns were cut with scalpel and 10 crowns were chopped separately into powder. These powders were used for total soluble and insoluble sugar as described with AOAC (1995) and Zhu et al. (2009) with some modifications. Hundred milligrams (100 mg) of powder in each treatment was used for extraction of soluble sugars. Ethanol (80%) at 80°C for 60 min was used as the extraction buffer. Subsequently, samples were centrifuged at 14000 rpm for 15 min and supernatant was collected. This step was repeated three times. Supernatant was used for the determination of total soluble sugars and insoluble residues were used for the determination of starch (insoluble sugar). For freezing test, another ten crowns of each cultivar were used at each temperature (3, -3, -5, -7 and -9) in each replication.
For this purpose, the crowns were placed and attached to the wall of aluminum containers which were filled with wet sand. Samples were placed in a programmable device Thermogradian for 14 h at 3°C. Then temperature dropped to 2°C every 20 min. In order to balance ambient temperature, the environmental temperature of crown in each treatment was maintained for 1 h and then samples were harvested. To prevent rapid melting, freezed samples were kept in refrigerator (at 4 ± 1°C) for a day and night. Then samples of each treatment were transferred to the greenhouse and were planted in plastic pots with 15 cm height and 15 cm diameter containing 1:1 Humus and straw leaf (two third of crown put in the soil). Irrigation was regularly performed. After three weeks, live plants were counted. Symptoms of healthy plants were production of leaves and roots together. Then, the temperature at which 50% of each cultivar was lost (LT50) was determined using diagram. Mean, minimum and maximum of temperature were from 20 February till 19 March (A) and Amberothermic curve (B) in Kermanshah city are shown in Figure 1 . Statistical analysis and graphs drawing were performed using MSTATC, SAS, Excel and Word software's.
RESULTS
In the control treatment, grain yield and biomass of Marvdasht and Chamran cultivars were significantly lower than other cultivars. In terms of grain yield and biomass productions, except Marvdasht and Chamran, there were no significant differences between other cultivars (Table  1) . Postanthesis water stress significantly reduced grain yield of cultivars (Table 1) . Greatest reduction in grain yield in Zarin, Marvdasht and Pishgam and greatest reduction in biomass in Parsi and Pishgam cultivars, respectively was seen. Lowest reduction in grain yield and biomass were in Marvdasht and Chamran cultivars, respectively. In the control treatment, Pishgam cultivar had the highest harvest index (Table 1) . Except for Chamran cultivar, postanthesis water stress caused significant reduction in harvest index of other cultivars with the highest reduction in harvest index in Marvdasht cultivar (23/4%). Before the application of freezing stress Values are presented as mean ± standard error (n=4).
in the early growing season, the crown of Parsi cultivar and Marvdsht had the lowest and the highest concentration of soluble sugars, respectively (Figure 2 ). In the early growing season, the crown of Bahar, Zarin and Chamran cultivars had the highest and lowest concentration of starch, respectively. Under water and non-water stress conditions, the correlation coefficient between concentration of soluble and insoluble sugars with biomass and grain yield was not significant (Table 3 ). The correlation coefficient between insoluble sugars with grain yield and biomass in contrast to soluble sugars was positive. Evaluation of crown survival percentage of different cultivars in the freezing stress conditions showed that (Table 2) , in the temperature of -3°C, Marvdasht cultivar had the highest crown survival (80%) and Pishtaz cultivar had the lowest crown survival (20%). Further reduction in freezing temperatures caused more significant reduction in crown survival of different cultivars. In the temperature of -5°C, the Pishtaz cultivars lost the entire of its crowns viability. Marvdasht and Pishgam cultivars at -9°C had the highest survival percentage (Table 2) . Among different cultivars, Marvdasht and Pishtaz had the lowest and highest slope of decline in crown survival, respectively. The lowest and highest LT50 temperature of crowns were related to Marvdasht (-4°C) and Pishtaz (-1.13°C), respectively ( Figure  3 ). Under the freezing stress, correlation coefficients of grain yield and biomass (in control and postanthesis water stress) with crown survival under freezing stress at the early growing season were negatively associated (Table 3) . Grain yield under post anthesis water stress had higher correlation coefficients (R=-86.2%) with crown survival under freezing stress at the early growing season. Correlation coefficients of soluble and insoluble sugars concentration with crown survival were positive and negative, respectively.
DISCUSSION
The lowest grain yield of Marvdasht and Chamran cultivars under control treatment indicated that these two cultivars had lower yield potential than other cultivars and they also had lower ability in the use of appropriate environmental conditions, particularly soil moisture for grain yield production. As defined by both Hossein et al. (1990) and Clarck et al. (1992) , wheat cultivars with lowest reduction in grain yield at water stress conditions were considered as resistant ones. Thus, Chamran cultivar because of having the lowest and Zarin, Pishgam and Marvdasht because of having the highest reduction in grain yield under post anthesis water stress (20.2%) are considered as resistant and sensitive cultivars, respectively. The harvest index result of interactions is between genetic, environmental and agronomic factors (Sidlauskas and Bernotas, 2003) . In post anthesis water stress, harvest index sharply declined in all except in Chamran cultivar. In contrast, Yang et al. (2002 ), Xang et al. (1998 and Yang et al. (2000) showed that water stress caused significant increase of harvest index in wheat cultivars. If moisture stress during grain filling can be controlled in a way that plants can absorbs water during the night and photosynthesis not reduced and also carbohydrate remobilization, especially from stems increases (Yang and Zhang, 2005) .
Probably the severity of water stress was so much that plants could not compensate the day water loses during the night. Lower reduction in harvest index of Chamran cultivar in water stress Values are presented as mean ± standard error (n=4). Table 3 . Correlation coefficient between soluble and insoluble sugars and survival at -3 and -5 º C in freezing stress at early growing season after winter with grain yield and biomass production under post anthesis water stress in different wheat cultivars. treatment also showed that this cultivar probably has the highest resistance to postanthesis water stress. Reduction in harvest index under post anthesis water stress also was reported by Araus et al. (2002) and Liu and Li (2005) . These experiments are conducted considering the main role of crowns in survival of winter wheat cultivars in prevailing of freezing stress at the beginning of growing season after over wintering of winter wheat cultivars. Thus, Marvdasht and Pishtaz cultivars were most resistant and sensitive cultivars to freezing stress, respectively. Considering the main role of sugars in resistance to freezing stress (Ristic and Ashworth, 1993; Wanner and Junttila, 1999) , soluble and insoluble sugars concentration in the crowns at the beginning of freezing stress, also were studied. Correlation coefficients between freezing resis-tance with soluble sugar (at -3 and -5°C, r = 0.40 and r=0.34, respectively) and with insoluble sugars (at -3 and -5°C, r=-0.18 and r = -0.32, respectively) showed that soluble sugars have more important role than insoluble sugars in resistance to freezing stress. In freezing stress, soluble sugars with protection of plasma membrane (Shao et al., 2006; Shalaev and Steponkus, 2001 ) may maintain hydrophobic interaction (Cacela and Hincha, 2006; Tsvetkova et al., 1989) , and scavenging reactive oxygen species (BolouriMoghaddam et al., 2010; Couee et al., 2006; Ramel et al., 2009 ) help the resistance of plant. The correlation coefficient between the concentration of soluble sugars and freezing stress resistance (at -3 and -5°C, r = 0.40 and r=0.34, respectively) showed that in addition to soluble sugars, other factors such as sugar alcohols, low molecular weight of nitrogenous compound (proline, glycine, betaein) and also starch may involve in resistance to freezing stress through degradation into other compounds. This finding is in agreement with Ritte et al. (2004) and Yano et al. (2005) findings which showed starch degradation is involved in the freezing tolerance enhancement. Kaplan and Guy (2004) presented more direct evidence for cold-induced starch degradation in arabidopsis.
Trait
Control
It seems possible that these results are due to chloroplast-targeted β-amylase isogene encoded by BMY8 positively responds to low temperature and the cold-induced enhancement of BMY8 transcripts is correlated with maltose accumulation (Kaplan and Guy, 2004) . Marvdasht cultivar with the most resistance to freezing stress at the beginning of growing season had the highest concentration of soluble sugars in its crown. Many reports emphasize critical roles of soluble sugars as compatible solute in freezing tolerance (Klotke et al., 2004; Iftime et al., 2010; Livingston et al., 2009) . After the passage of winter and favorable conditions in early spring under freezing stress, the average LT50 of crown was equal to about -2.8°C. In this condition, Marvdasht and Pishtaz with LT50 of -4 and 1.14°C had the highest and lowest resistance to freezing stress, respectively. According to these results and conventional and sudden dropping of air temperature in early growing season after winter, planting of cultivars with high LT50 led to high risk for the highest yield potential. Among different wheat cultivars, Marvdasht had the highest resistant to freezing stress in the early growing season and its planting in these conditions will have less at risk. However, this cultivar has low yield potential in these conditions.
The correlation coefficients between grain yield in the control and postanthesis water stress conditions with crown viability under freezing stress (temperatures below zero) was negative. There were high correlation coefficients between grain yield in postanthesis water Saeidi et al. 4051 stress conditions with crown viability under freezing stress at -3 and -5°C, r = 0.86 and r = 0.64, respectively. Lower yielding cultivars, particularly at postanthesis water stress were more resistant to prevailing of freezing stress at early growing season after winter. Then, according to the most likely occurrence of below zero temperatures at the beginning of the growing season after winter in temperate zones, These findings suggest that wheat breeding programs should be in the direction that higher yielding cultivars in terms of postanthesis water stress also had more resistant to freezing stress at early growing season. Such wheat cultivars will be reduced risk to achieve higher grain yields in temperate zones that prevailing of postanthesis water stress and freezing stress at early growing season after winter is almost always.
